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SStettot areata «ctins »t « opioid recptOT m.y modulate the activity tf d °P™™*§= 
SSS?SiSS JSSemkal end behavioral elfeete of c^m. ^XS'SeS^ 

for ^Treceptor in comparison to the 6 receptor. These findings were confiiroed m tJ^e 
^t^d^S^rtata (tail-flick and acetic acid writhing) in mice wluch demonstrated that 
223S?©~ irf antinociception that was mediated tar ^ * '^J^i^ 
Sot Sdun agonist or antagonist effects at the d receptor. Both Sa,b had comparable * agonist 
^S^^^^ oppo^g effects at the n receptor: 3b was a fi agoiust whereas 3a was a 
^antagonist. 



Introduction 

k Opioid receptors derive their name from the proto- 
type benzomorphan, ketocyclazocine (la) (Chart I), 
which was found to produce behavioral effects t^at were 
distinct from the behavioral effects of morphine but that 
were antagonized by the opioid antagonist, naltrexone. 1 
Compounds from several structural classes, including 
benzomorphans, arylacetamides, and morphinans have 
been found to possess * opioid agonist activity. A 
growing body of evidence suggests that agonists at k 
opioid receptors may modulate the activity of dopam- 
inergic neurons and alter the neurochemical and be- 
havioral effects of cocaine. The nucleus accumbene 
contains high levels of both * opioid receptors*" 4 and 
dynorphin. 5 an endogenous opioid peptide with high 
affinity for < receptors. 6 In contrast to cocaine, it agonists 
have been shown to decrease striatal dopamine levels 
in rats. 7 "* k Agonists also attenuated cocaine-induced 
increases in dopamine levels in the nucleus accunv 
bens. 10 Behaviorally, the administration of k agonists 
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in rodents has been reported to block or decrease 
oxaune-induced hyperactivity, 1 ^ sensitization to cocaine- 
induced hyperactivity and stereotypies, 19 and cocaine- 
induced place preferences. 11 - 13 - 14 * Agonists also blocked 
the effects of cocaine in squirrel monkeys in assays of 
cocaine discrimination 16 ' 16 and scheduled-confcrolled re- 
sponding/These findings suggest that activation of k . 
opioid receptors may functionally antagonize some 
abuse-related effects of cocaine, possibly by inhibiting 
the release of dopamine from dopaminergic neurons, 
and may provide a new approach to the continuing 
search for effective treatment medications for cocaine 
abuse and dependence. 17 In an effort to evaluate this 
hypothesis, the effects of eight beiwomorphan and 
arylacetamide k agonists on cocaine self-administration 
in rhesus monkeys were examined. 16 ' 16 Most of these k 
agonists produced dose-dependent decreases in cocaine 
Belf-administration. Moreover, all ic agonists that re- 
duced cocaine self-administration were compounds with 
relatively high efficacy for k receptors, whereas a low- 
efficacy u agonist (cycJazocine, 2) and a tc antagonist 
(nor-binaltorphimine) were ineffective. Interestingly, 
however, nonselective *■ agonists such as ethylketocy. 
clazocine (lc), which produce// receptor-mediated effects 
in addition to their r agoniBt effects, decreased cocaine 
self-administration more effectively and with fewer 
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Morphinan and Benzomorphan Derivatives 
Chart 1. Structures of k Agonists 



NO. 8218 P. 3 

Journal of Medicinal Chemistry. 20QQ, Vol. 43. No. 1 116 




H0 vi 
1a ft * *CHa— CI 

keiocyclazocme 

lb Ac -ChJV^ 
F0=-CH3 

R 1 = -CHapHa 
othylkelocydamelne 




2 cyclazocine 




HO . 
cyclorpban 
3b n=-cn2-~0 

MCL101 

3d R = -CHg 

tcvorpnanoi 




undesirable Bide effects than highly selective * agonists. 
Antagonism studies also suggested that < agonists 
which are partial agonists at the (i receptor such as 
ethylketocyclaxocino Uc) maybe especially effective in 
decreasing cocaine self-admini5tration in rhesus mon- 
keys." Specifically, naloxone completely blocked the- 
effects of ethylketocyclazocine on cocaine self-adminia- 
tration, but the ^-selective antagonist, 7U>r-binaltor- 
phimine, was only partially effective. In contrast, both 
naloxone and rtor-bmaltorphimino completely Uocl^d 
the effects of the highly selective k agonist U-50,488 on 
cocaine B elf-a6Wnifltration.l 6 ^ 1B ' 19 Taken together, 
these earlier findings suggested that nonselective k 
agonists with additional activity at p receptors may be 
especially promising candidate medications for the 
treatment of cocaine abuse. 

Ethylketocyclaaocine (lc) has intermediate efficacy at 
a receptors and functions as a k agomsi/a partial 
agonist. The development of other * agonists with higher 
or lower efficacy at v receptors would permit further 
evaluation of the most favorable combination of te and 
ii opioid receptor-mediated effects for the reduction of 
cocaine self-aazninietation. Because both morphinanfl 
and benzomorphans are known to include compounds 
with mixed activity at (i and k receptors, the purpose of 
the present study was to develop novel morphinan and 
benzomorphan k agonists as candidate drug abuse 
treatment medications. Accordingly, we describe here 
the synthesis and preliminary evaluation of a series of 
morphinans (3a- o), structural analogues of cyclorphan 
3a. the 10-ketomorphinans 4a,b, and the 8-ketobenzo- 
morphan lb, structurally related to ketocyclazocme 
(la). The structures of these compounds are shown in 
Chart 1. 

Chemistry 

The synthesis of the morphinans 3*.-c and the 10- 
keto derivatives 4a,b is shown In Scheme 1. The 
compounds were all prepared from commercially avail- 
able ( - ) J.hy droxy JST-methylmorphinan (levorphanol, 
3d) which was convened to the O-methyl ether fi and 
N-dealkylated to (-)-3-methoxymorphinan (7). Alter- 
natively. 3d was directly N-dealkylated to 8. 

The intermediate 8 was N- and O-diacylated With 
cyclopropanecarbonyl chloride in the presence of tri- 



ethylamine. The crude diacyl compound 9a was farther 
reduced with lithium aluminum hydride to yield 3»,b 
previously prepared by Gates and Montzka 30 from (-)- 
3-hydroxymorphinan. 8a,b were further converted to 
their white crystalline mandelate salts. The (S)-N- 
tet^ydrofurfuryl derivative 3c was prepared from (S)- 
tetrahydrofurfuryl (lR)-caxnphor-lO-sulfonate (10) by 
methods previously reported. 91 The 10-ketomorphxnans 
were prepared by the oxidation 22 of the morphinan 7 
with CrOsrtfcSOd followed by alkylation with cydopro- 
pylmethyl bromide and O-demethylation to yield 4b 
(Scheme 1). O-Demethylation of 11 to fcnn 18 followed 
by alkylation with (SHetrahydrofurfuryl (lB)-camphor- 
lCUulfonate (10) led to 4a. The assignment of the 
stereochemistry of 4a wets baaed on the work of Merss 
and Stockhaua. 23 

The 5-ketobenzomorphan derivative lb was prepared 
from (-)-5,9-a-dimethyl-2-hydroyy'6,7-benzomorphan 
(14) [(-Vnor-metazocineP 4 as outlined in Scheme 2. 
Protection of the amine with di-terr-butyl dicarbonate 
(Boc) and O-methylation with dimethyl sulfate led to 
16. Acid hydrolysis followed by oaridation of 17 witt 
CrO&/H 8 S0 4 by the procedure of Michne and Albertson 
led to 18. O-Demethylatiou and alkylation with 5-tet- 
rahydrofurfuryl (IB )^^phor-1.0-sulfonate (10) gave lb 
which was isolated as the HC1 salt 

Results 

All compounds were examined for their affinity and 
gelectivity at //, 6, and * opioid receptors in 
brain membranes using the selective radioligands, PHJ- 
DAMGO PHlnaltrindole (d), and PHW69.593 M 
(Table 1). The antinociceptive activity of the two mor- 
phinans with the highest affinity at the ic receptor was 
ex amin ed further in the tail-flick and acetic arid writh- 
ing tests in mice. 

55° Warm-Water Tail-Flick Test. In the warm- 
water tail-flick test, (-)-cyclorphen (8a) produced 37 ± 
10% antinociception after an icv dose of 100 nmoh In 
contrast, 3b produced a full dose-response curve with 
an EDao value and 95% confidence limits (CD of 7.3 
(5.7-9.4) nmol with testing taking place 20 min afer 
en icv injection. 

Because 8b generated a full dose-response curve in 
the tail-flick test, the receptor selectivity of the agonist 



13. JAN. 2003 17:41 



44J1 937J466630 



NO. 8218 P. 4 



/ 

/ \ 



1X6 Journal of Medicinal Chemistry, 2000, Vol 43, No. 1 



Scheme 1" 





3d 

levoiphanol 



HO 




3b 



9b R-H 



CH,P „ 




MO 



viil , 



HO 

Scheme 2* 



vil 





• oo iJLthyl chloroform HO M-OM; M HBrTCOAc: <vii) C^**"***"** 




• Reagents: (i) (t-BodjO, KiCOa, dioxane, H 2 0; (ii) (CHjOhSO*. 
(SHetrnhydrofurfuryl (lB)-cam»hor-10-sulfonate. 

effect was determined by using selective antagfinists. 
Figure 1 shows that in the tail-flick test, antinociception 
induced by 3b was mediated by both * and p opioid 
receptors. . u 

Acetic Add Writhing Test. Because k agonists often 
do not produce full dose-response curves in the warm- 
water tail-nick test, 85 the effects of 8a,b were character- 



16R-CH 3 

NaOH, H.O; ttii) HC1. HaO/EtOAc; (iv) CrOs. RjSCfc; W 48% HBr; W) 

ized in the writhing test. Both Sa,b produced full dose- 
response curves in the writhing test, with ED50 values 
and 93% CL of 0.65 (0.35-1.2) end 0.79 (0.48-1.3) nmol, 
respectively, demonstrating that in this assay the two 
compounds were equipotent. 

The receptor selectivity for antinociception proaucea 
by 8a,b in the writhing test was also determined. Figure 
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T»ble 1. Ki Value Inhibition of „. d, « n d « Opioid Bindine to Guinea Pig Brain Membranes by Test Compound 



NO. 8218 P-. 5 

Journal of Medicinal Chemivlry, 2000, Vol. 43, No. 1 11T 



Ki(nM±SE) 



compound 



PH3DAMGO U) PHlnaltrindole (0) [ a HlU69,S93 (*) selectivity *y a^ctivity m A 



U50,48B 

cthylketocyclarocme 
(-)-cyc.azocine (2) 
M-cyclorphan (3a) 
MCL-101 (3b) 
3c 

levorphanol (3d) 
4a 
4b 
lb 



do) 



220 ± 5.6 
0.7B ± 0.1 
0.10 ± 0.03 

0.092 ± 0.003 
0.124 0.012 

0,010 i O.002 
0.31 ± 0.017 
0.36 ± 0.004 
240 4 89 
2900 ± 68 



2-500 ± 170 

3.4 ± 0.41 
0.68 ± 0.06 
0.22 ± 0.01 

1.5 ± 0.06 
0.27 ± 0.02 

4.2 ± 0.46 
1.0 ± 0.16 
150 4 71 
> 100000 



o.ae ± 0.066 

0.62 4 0.11 
0.052 4 0.0009 
0.063 4 0.003 
0.073 ± 0.012 

0.16 4 0.01 
2.3 4 0.26 

0.18 4 0.019 
24 ± 1.6 

720 4 57 



610 
1 
2 
2 
2 

0.066 

0.09 

2 

1 

4 



6900 
6 
11 
4 
18 
2 
2 
6 
6 



S^T/iM^M^ are the mean values SEM from three experiments, performed In tnpliwta. 
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Figure 1. Receptor selectivity of antinodception indiiced by 
8b in the tail-flick teat. Mice wore pretreated either with the 
Xi-eelective antagonist fl-FNA for 24 h or -with the k antagonist 
nor-BNI or the 5 antagonist ICI 174,864, which were co- 
injected with MCL-101 <3b), 20 min before testing. Each group . 
contained 10 mice. Data are the mean =fa SB. **F < 0.01, in 
compaxiaon to the 3b alone group. _ . 

2A shows that 3a produced antinociception that was 
mediated by < and 6 opioid receptors. In contrast, Sb 
produced antinocicoption that was mediate by tc and /4 
receptors, as shown in Figure 2B, and is in agreement 
with the results from the tail-flick assay (Figure D. The 
receptor selectivity results in the writhing assay cor- 
related with the binding results in Table 1, which 
showed that 3a had a higher affinity than 3b for the 6 
receptor. 

Antagonist Properties of (-)-Cyclorpbon <»*) 
and Compound 3b. Because 3a did not produce a full 
dose-response curve in the C5 °C warm-water tail-flick 
teat, experimente were performed to determine if it 
would antagonize morphine-induced antinociception. 
Mice were co-injected with 8 nmol of morphine and 
varying doses of 3a. Antinociception was determined 20 
min later. Figure 8A shows that 8a at a dose of 1 nmol 
completely antagonized morphine-induced antinocice- 
ption, indicating that 3a was a n antagonist. In contrast, 
8b was a weak fi antagonist, with only partial antago- 
nism of morphine-induced antinociception, at a dose 
that did not produce antinociception by itself (Figure 
2B>. 
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Figure 2. Receptor selectivity of antinociception induced by 
(-)-cyclorphan (3a) (A) and 8b (B) in the writhing tost. Mice 
were pretreated either with the ^'Selective antagonist 0-FNA 
for 24 h or with the * antagonist nor-BNI or the d antagonist 
ICI 174,804, which were co-injected with (-)-cyclorphan or 3b. 
After 20 min, the number of writhes was measured and 
compared to a control group of mice that received icv saline. 
Each group contained 10 mice. Data are the mean 4 SE. *P < 
0.06. **P < 0.01, in comparison to the (-)-cyclorphan (A) or 
Sb (B) alone group. 

To determine the receptor selectivity of the antago^ 
nism induced by 3a, mice were co-injected with either 
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Figure 8. Antinociceptive effects oficv mnrphmp (3 nmol ~20 
ram}, alone or co-adminlstered to mice with increase doeee 
K (^kycW^n (Sa) (A) or 5b (B) in the mouse taJl-fllck 
assay. Date J the mean ±SE. *P < 0.05, **P < 0.01, in 
comparison to the morphine alone group. 
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Figure 4* Antinociceptive effects of icv morphine (3 wnol), 
U60,488 (30 nmol), or DPDPE (10 nmol) in untreated mice 
and mice coadministered with a single iov dose of (-)- 
cyclorphan (1 nmol) in the warm-weur tall-flick assay. Testing 
porformad 20 min after the coadministration oT the 
compounds. *+P < 0.01, in coraparbon to tho morphine alone 
croup. 

the /i agonist, morphine, the ^-selective agonist, US0,- 
488, or the Selective peptide, DPDPE, along with 
1-nmol of (-)-cyclorphan (3a). Figure 4 shows that 3a 
did not antagonize antinociception mediated by either 



Neurneycr ct al 

the 6 or k receptors but did antagonise morphine- 
induced antinociception, demonstrating that 3a was a 
//•selective antagonist. 

Conclusions 

The major findings of this study were that cyclorphan 
(3a) and 3b (the N-cydobutylmethyl analogue of 3a) had 
similar agonist effects mediated by K opioid receptors 
but produced different effects at p opioid receptors. 
Specifically, both cyclorphan (3a) and 3b had high 
affinity for K opioid receptors and produced agonist 
effects mediated hy k opioid receptors in mice. Both 
compounds also bound to p opioid receptors with affini- 
ties approximately 2-fold lower than their affinities for 
* receptors. However, cyclorphan (3a) had low efficacy 
at u receptors and acted as a p antagonist, whereas 3b 
had higher efficacy at fi receptors and acted as a fi 
agonist. In addition to theBe effects at * and p reoeptora, 
cyclorphan (3a) also produced 6 receptor-mediated ago- 
nist effects, whereas 3b did not produce agonist or 
antagonist effect© at 6 reoeptora. 

These findings confirm and extend previous studies 
that have evaluated opioid receptor binding profiles and 
pharmacological activities of different N-SUbstltuted 
morphinans- For example, in the present study, conver- 
sion of the N-subetituent from JV-methyl (levorphanol, 
3d) to JV-cyclopropylmethyl (cyclorphan, 3a) increased 
binding affinity to p 7 *, and <5 receptors, and this increase 
in affini ty was most pronounced fox k receptors. Con- 
sequently, levorphanol (3d) had 10-20-fold selectivity 
for u vs ic and 6 receptors, whereas cyclorphan (3a) had 
approximately 2-4-fold selectivity for « ve p and 6 
receptors. Moreover, the conversion of the N-substltuent 
from N-methyl to #-cyclopxopylmethyl also decreased 
P agonist efficacy, and cyclorphan acted as a p antago- 
nist. Previous Studies also found that conversion of the 
N-euhstituent from N-methyl to N-cydopropylmethyl 
increased ji. k, and 6 receptor affinity and decreased/* 
receptor efficacy for morphinans [Le. levorphanol (3d) 
and cyclorphan (3a)] as well as for morphine itself (i.e. 
morphine and iV-cyolopropylmethyl-w>r-morphine) and 
benaomorphans (i.e. metazocine and cyclazocine). 96 Pre- 
vious in vivo preclinical studies also reported that 
cyclorphan (3a) displayed agonist effects at k receptors 
and low-efficacy effects at p receptors in both pigeons 
and primatee. 27-30 

In the present study, further conversion of the N- 
substituent from JV-cyclopropylmethyl to iV-cyclobutyl- 
metbyl had little effect on receptor affinity or selectivity 
but increased p agonist efficacy. To our knowledge, 
previous studies have not provided a detailed pharma- 
cological evaluation of this conversion in the morphinan 
series. However, earlier studies did find that 3b was 
approximately 40 times more potent than morphine in 
suppressing abstinence in morphine-dependent mon- 
keys, and this finding is consistent with the conclusion 
that 3b has potent p agonist effects. 31 Moreover, conver- 
sion of the N-substituent from itf-cyclopropylmethyl to 
AT-cyclobutylmethyl has also been found to increase 
p agonist efficacy in other related chemical classes 
including the 14-hydroxymorphinans, 31 the nor-oxyraor- 
phonea, 32 and the 6-phenylbenzomorphans. aa 

The present study also evaluated the effects of two 
other modifications to cyclorphan (3a). First, addition 
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of a 10-koto group to cydorphan (3a) to produce 4b 
decreased affinity at *, //, and 6 receptors. Similarly, 
addition of a 10-keto group to tho bonzomorphan cycla- 
zocine to form ketocydazocine also produced a decrease 
in affinity for *, / u, and d receptors. 34 Second, the further 
substitution of N-cyclopropylmethyl to iV-furfurylmethyl 
to form 4a increased binding affinities to and 6 
receptors. Thus, 4a retained high affinity for opioid 
receptors. Interestingly, the comparable benxomorphan 
lb did not retain affinity for opioid receptors. 

Recent findings from our laboratory 18 ' 19 that some k 
agonista selectively decrease cocaine eelf-aaWnietration 
by rhesus monkeys with minimal effects on food self- 
administration support our further chemical and be- 
havioral studies with these and other mixed Klpi opioids 
as potential anticocaine medications. 

Experimental Section 

Melting points were determined on a Thomas-Hoover capil- 
lary tube apparatus and are reported uncorrected. 1 H and ia C 
NMH spectra wrc recorded on a Brucker AC300 epecrtrometer 
using tetramethylsilane as an internal reference. All optical 
rotations were measured at the sodium D line using a Rudolph 
polarimeter (model DP 1A31, 10 -cm cell). Elemental analyses, 
performed by Atlantic Microlabs, Atlanta, GA, were within 
±0.4% of theoretical values. Analytical thin-layer chromatog- 
raphy (TLC) was carried out on 0.2-mm Kieaelgel 60P 264 
silica gel plastic sheets (EM Science, Newark) and visualiza- 
tion was performed by illumination with 254-nm UV light or 
by exposure to iodine vapor. Flash chromatography was used 
for the routine purification of reaction products. The column 
output was monitored with TLC. HPLC apparatus consisted 
of a Rzumn-Rabbifc-HP pump, a Rheodyne injeotor, column 
(Phenomenex Bondclone CIS, 3.9 x 300 mm; or EMerk 
Aluspher RP select B250-4), and a variable wavelength UV 
detector. 

(-)^-Methoxy^methy]mon)hinan (6). (-)-3-Iiydroxy- 
iVTlxnethylmorphinan Qevorphanol) (3d) free base was made 
from levorphanol tartrate (Mallinckrodt) by treating with 
NaHCCWaq) and extraction with CHC1*. To a solution of KOH 
(8 g) in water (8 mL) and*EtOH (26 mL) was added a solution 
of Diazald (20 g) in ether (200 mL) at 65 °C. The resulting 
mixture was subjected to distillation and the ether solution of 
CH*Ni was collected in an ice-bath trap. Additional ether (50 
mL) was added to maintain the distillation. This process was 
stopped when the distillate solution became colorless (a total 
of -120 mL was collected). It was then added to a solution of 
3d (2.4 g, 9.3 mmol) in MeOH (25 mL) in a pressure tube. The 
resulting solution was sealed and allowed to stay at room 
temperature overnight. Pressure was released with caution. 
Solvent was removed under reduced pressure to afford crude 
6 (2.6 z, 99%) (lit 35 mp 109-1X1 *C). TLC [CHCl^MeOH- 
NH&H 2 0 (1% in MeOH), 80-20]. 

(-)'3-Methoxymorphlnan (7). The N-dealkylation was 
carried out by the procedure of Olfoaon et al w A mixture of 6 
(6.2 g, 19.2 mmol), a-ohloroethyl chloroforroate (18 mL, 166 
mmol), 1,2-dlchloroethane (80 mL), and NaHCOs (2.4 g) was 
allowed to reflux for 48 h. Upon filtration, the filtrate was 
concentrated to dryness under reduced pressure. MeOH (600 
mL) was added, and the mixture was heated to reflux for 3 h. 
Solvent was removed under reduced pressure, and the remain- 
ing material was taken up with CHClo (SO mL). It wae washed 
with NaOH (1.8 N, 10 mL) and water (to pH 7), dried (Mg80 4 ), 
and concentrated to dryness to afford an oil 7 (5.1 e, 90%). l H 
NMR (CDClj, free base); 6 1-1.6 (m, 8H), 2.05 (m, lH), 2.18 
(m, IH), 2.37 (m, IH), 2.73 (m, lH), 3.1-3.25 (m, 3H), 8.72 
(m. 1HX 3.8 (s, 3rD, 6.76-6.81 (m. 2H). 7,09-7.12 (d, J = 3.3 

H *' 1H) - , . 

lO-Keto-3-methoxymorphSriari (11)- To a solution of 7 

(0.7 g, 2.38 mmol) in 17 mL of dilute HaSO-t (prepared by 
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cautiously adding 3 mL of H2SO4 to 34 mL of water) was added 
a solution of CrOa in tho romaining 17 mL of dilute H a SO*. 
The resulting suspension was heated to reflux for 2 h. TLC 
(9:1:0.01 CHaCla-MeOH-NrLOH) analysis indicated the dis- 
appearance of the Btarting material. Upon cooling, NHtj (37%, 
8 mL) was added, and the resulting emulsion was extracted 
with ether (3 x 50 mL). Upon filtration the ether extracts were 
cashed with water, dried (MgSO*), and concentrated to 
dryneaB to afford 11 (0.6 g, 92%). A H NMR (CDCI3): d 0.9-1.7 
(m, 7H), 1.76-1.88 (m, IH), 1.90-2.1 (m. 2H). 2.31-2.4 (m, 
IH), 2.54-2.63 (m 1H), 2.71-2.79 (m ( IH), 3.22 (d, J - 3.3 
Hz. 1H), 3.89 (6, 3H), 6.82-6.88 (m, 2H), 8.07 (d, J = 8.6 Hz). 

lO-Keto-3-methoxy-A^cyclopropylmethyhnorpHinan 
(12). A mixture of 11 (250 me. 0.92 mmol), cyclopropylmethyl 
bromide (0.1 mL, 1.03 mmol), and NaHCOe (0.12 g, 1.4 mmol) 
in dry DMT (3 mL) was heated under nitrogen at 75 °C for 4 
h. Solvent was removed under reduced pressure. The remain- 
ing material was taken up with CHOI* (26 mL), washed with 
water (2 x 25 mL), dried (MgSOJ, and concentrated to dryness 
to afford 12 (250 mg, 87%). ^H NMR (CDCU): 0 0.02-0.15 (m. 
2H), 0-43-0.49 (m, 2H), 0.82-0.98 (m, lH), 1.03-1.7 (m, 9H), 
1.86-2.03 (m. 3H), 2.08-2.15 (m, IH), 2.66-2.74 (m, lH), 2.9- 
2.98 (m, IH), 3.2 (d, J = 2.9 Hs, lH), 3.87 (a, 3H). 6.8-6.86 
(m, 2H), 8.0 (d, J - 8.6 Hz, IH). 

1 0-Keto-S-hydroxy^-oyolopropyLmothylmorp hiTiaTi 
(4b). To a solution of 12 (220 mg, 0-67 mmol) in CH2CI2 (16 
mL) was added a solution" of BBra in CH2CI2 (1 M, 2.8 mL, 2.8 
mmol), and the resulting solution was stirred at room tem- 
perature overnight, TLC (CHClj-EtOH, 95:5) indicated a 
major transformation. MeOH (20 mL) was added, and the 
resulting solution was allowed to reflux for 2 h. Solvent was 
removed under reduced pressure. The remaining material was 
taken up with CHCU (30 mL). washed with saturated NaHCOs 
(to pH 8) and water, dried (MgSOJ, and concentrated to 
dryness. Column separation (silica gel, 30 g) eluting with 
CHClo-EtOH (Q9;l) afforded 4a (150 mg, 71%). *H NMR 
(CDCU): d 0.01-0.28 (m, 2H), 0.45-0.48 (m, 2H), 0,85-0.94 
(m> IH), 1.08-1.7 (m, BH), 1.9-2.17 (m, 4H), 2.3-2.38 (m, 1H), 
fl.7-2.79 (m, IH), 2.93-3.01 (m, lH), 3.24 (d, J = 2.8 Ha, lH), 
6.76-6.78 (m, 2H), 7.97 (d, J = 9.2 Hz, lH). Compound 4b 
(150 mg, 0.48 mmol) was dissolved in EtOH (1 mL) and treated 
with ethereal HC1 (1 M, 0.5 mL). Solvent was removed under 
reduced pressure. The remaining material was washed with 
ether and collected as 4b HC1 (100 mg. 60%): mp 174 °C 
(sublime). Anil. (CioHzsNOaHOl-O^HjO) C,H,N. 

(-)-3-Hydrnxymorphinan (8), The procedure of Portogh- 
ese M was modified by using phenyl chloroformate for the 
synthesis of 8 from 3d in 69* yield: mp 273-274 °C (lit- 87 
mp 260-262 *C). 

(-)-3-Hydroxy-N^-cyclopropyXmethylmorphinan Man- 
delate ((-)-Cyclorphan Mandelate) (3a). To 7.1 g of 6 
dissolved in 400 mL of anhydrous CHsCl* were added cyolo- 
propanecarbonyl chloride (9.4 g) and trtethylamine 64 mL. The 
reaction mixture was stirred and allowed to reflux for 14 h. 
After cooling, 130 mL of water and 60 mL of ice were added 
and the mixture was extracted with HC1 (concentrated HC1 
40 mL in 300 mL H»0), washed with 200 mL of HqO. and dried 
over K 2 COa and the Bolvent removed to yield 12.5 g of crude 
diacyl compound (9a) as an oil. Without purification, the oil 
was dissolved in 886 mL of anhydrous betrahydrofuran, and 
87 mL of 1 M lithium aluminum hydride in tetrahydrofuran 
was added. The mixture was stirred at room temperature 
under N z overnight. To the reaction mixture was added 44 mL 
of £ tO Ac and the mixture was stirred for an additional 10 min, 
followed by the addition of 10 mL of H2O with stirring. The 
mixture was then stirred vigorously with a solution of am- 
monium ^-tartrate (290 g tn 700 mL of H2O) for 1 h. The 
amiaous layer was extracted three times with 150-mL portions 
of CH2CI2. The organic layers were combined and dried over 
sodium sulfate. The solvent was removed under reduced 
pressure to yield 8.9 g of an oil. to which 7 mL of EtOAc was 
added and the oil triturated until crystals formed. The product 
was refrigerated, filtered, and washed with small volumes of 
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cold EtOAc to yield 4.5 g (51.8%) of crystalline free base: mp , 
187.5-1B9 °C (lit » mp 187.5-189 B C). 

The free base of 3a was converted to the S(+)-mendelate 
salt and recrystallised from isopropyl ether/ETOH. The prod- 
uct obtained 17 g, mp 189-190 °C, is a wfcte c^rfaW 
powder [a]«D "7^8° (MeOH, c 1.5). Anal. (CaoH^NO-CBHaOa) 
C»H,N. 

(-)-3-Hydroxy*iV-oyolobutylin©thylxnorphinan S(+)- 
Man aerate (3b). This compound was prepared as described 
for 3a from 8 and cyclobutanecarbonyl chloride to yield a 
crystalline base, mp 217.5-218 *0 (lit.* 0 xnp 219.2-219.6 °C), 
which was converted to the S(+)-m*ndelate salt 3b; mp 201- 
202 °C. Anal. (C^H^NO'CerleO*) C,H,N. 

(-)^-Hyc^o^-N-[(j^-tetrahydrofurfuirl3rooT ,1 ^ m 
Hydrochloride (8c). A mixture of 0.65 g (2 mmol) of 8, 0.79 
g (2 mmol) of 10, and NaHCO* (0.6 g, 7 mmol) in BMF (10 
mL) was stirred at 120 "C for 7 h. Solvent waz removed under 
reduced pressure. The remaining material was taken up with 
CHClj (16 mL) and washed with water (to neutral), and the 
organic layer was concentrated to dryness. The residue was 
applied to a silica eel column (30 g) and eluted with CHCfc- 
EtOH (85/6) to afford 0.4 g (66%). l H NMR (CDCU 6 1-1.7 
(m, 6H), 1.8-2.1 (m, 5H), 2.18-2.32 (m, 3H), 2.86-2^42 (t J 
= 7.2 Hz, 1HX 2.65-2.7 (m, 3H). 2.^-2 98 (m 2H3 f 3 14- 
3.29 (m, lH), 8.86-3.*3 (t, J = 7.2 Ha, 1H), 3.7-3.8 (m, lH , 
3.35-3.92 (m, 1H), 4-05-4.15 (m, lH), 6.61-6.66 <m, 1H), 
6.74-6.77 (m, 1H), 6.94-6.98 (d. J= 7 .3 Hz, Compound 
3c (400 mg, 1.17 mmol) was dissolved in EtQH (2 mL.) and 
treated with 1 M etheral HC1 (1.5 mL, 1.5 mmol). Solvent was 
removed under reduced pressure. The residue 8c was recrye- 
tolized from EtOH-ether-to afford 100 mg (42%): mp 170 °C 
dec; [af*j> -33.6' (MeOH, c 0.8). Anal. (CaiHjaNOrHCl- 
0.25HoO) CJLN. 

(-)_(5).Tetrahydix>foxfuryl (lR)-Caxnphor-lO-sulfbnato 
(10). 21 A solution of (12?)-cmphor-10-sulfonyl chloride (75 g, 
800 mmol) in 60 mL of anhydrous pyridine was stirred in an 
ice bath. To thiB solution was added tetrahydWurfurvl alcohol 
(30.6 g. 300 mmol) dropwise over a period of 23 min. The 
resulting mixture wee starred at 25 °C mr 20 h. Then the 
mixture was poured into 600 mL of ice— water, extracted with 
3 x 250 mL of ether. The combined ether layer was washed 
with 1 x 100 mL of water, 2 * 100 mL of 2 N HC1. and brine, 
dried, and evaporated. The residue was recryotolliwd from 
CCU-petroleum ether (35-65 °C). After three crystaUizations 
18.1 g (16%) of (^)-(5).totrahydrofurfuxyl (lR)*^p^-l&- 
sulfonate was obtained: mp 66-67 °Cj [oJ^d -14.7 6 (MeOH, 
cl). 

(-)-10-Kf^^-hycWry-M[(i^-tcti^ydrofttrfury 
pbinan Hydrochloride (4a). A inixture of 13 (1.5 g, 4.4 
mmol), 10 (1.54 g, 4.8 mmol), and NaHCO* (0.74 g. 8.8 mmol) 
In DMT (15 mL) was stirred at 120 °C for 12 h. Solvent was 
removed under reduced pressure. The residue was taken up 
with CHCla (26 mL), washed with NH4CI (10%, 10 mL) to pH 
5, followed by washing with water (2 x 20 mL). The CHCla 
layer was separated and concentrated to drynesB under 
reduced pressure, Column separation (silica gel. 45 g) eluting 
with CHCls-EtOH (96/4) afforded 4a (290 mg, 19*)- J H NMR 
(CDCW: d 1,04-1.68 (m. 6H), 1.76-2.09 (m, 40, £14-2.31 
(m, 2H), 2.39 (t, J « 9.7 Ha, 1H), 2.64-2.8 (m, 3H) 2 B5-2.99 
(m, 2H), 3.15-3.24 (m, lH), 3.59 (t, J - 6,4 Ht, lH), 3.7-3.79 
(m. 1H), 3,85-3.93 (m. 1H), 4.05-4-14 (m, 1H), 6.62-6.77 (m, 
lH), G.74 (m, 1H), 6.94-6.97 (d, J = 7.4 Ha, lH). Compound 
4a (290 mg, 0.85 mmol) was dissolved with EtOH (1.5 mL) 
and treated with etheral HCl (1 M, 0.9 mL, 0.9 mmol). Solvent 
was removed to dryneaa. The residue wae recrystaUaed from 
EtOH-ether w afford 4a HCl (200 mg, 62%): mp > 253 °C ! dec; 
[ah™ -0.13° (MeOH. c 0.75). Anal (GnHaaNOaHCl-O^ftO) 
C,H,N. 

(HO-i^f(S)-Tetranydrofurr^^ 
cine (lb). A mixture of (~)-nor.metaioeino (RBI) (14) (11.6 
g, 40 mmol) and K 2 CO a (11 g, 80 mmol) in water (160 mL) 
was stirred at 25 °C. To this was added a solution of di-lerl- 
butyl dienrbonote (8,7 g, 40 mmol) in dioxen© (30 mL) dropwise 
and the stirring was continued at 25 °C for 16 h. The 
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precipitated solid was filtered, washed with water, and driod 
to give 13 g of 15 as a white solid. The t-Boc derivative 10 
was diaBolved in 2 N NaOH (100 mL) and was treated with 
10 mL of dimethyl sulfate. The mixture was stirred at 25 °C 
for 6 h and waB extracted with ether (3 x 50 mL). The ether 
extract was washed with 2.5 N NaOH and brine and evapo- 
rated to an oil. The oil was dissolved in EtOAc (100 mL) and 
mixed with 6 N HCl (100 mL) and the mixture was stirred at 
50 °C for 16 h. The volatiles were removed under vacuum to 
give a foam 17 ae the hydrochloride salt (8 g, 80% from 15). 

Dilute sulfuric acid was prepared by dissolving 54 mL of 
concentrated H 2 SO* in 600 mL of ice-water. Compound 17 (fi 
g) was dissolved in 300 mL of this add to give an orange 
solution. To this was added a solution of CrOa (7.2 g, 72 mmol) 
in 300 mL of the dilute sulfuric acid in one portion. The 
resulting mixture was stirred at 100 *C for 2 h, cooled in ice, 
basified with NH4OH. and extracted with ether (4 x 100 mL). 
The ether exfcraet wae washed with brine, dried, and evapo- 
rated to a reddish brown oil 6.0 g (82%). Without further 
purification 2 g of the product 16 was O-demethylated by 
treating with 25 mL of 48* HBr at reflux for 2.5 h. The 
solution was evaporated and the residue was dissolved in 
wateT and basified with NHiOH to give 900 mg of 19 as a tan 
solid. A mixture of compound 19 (1.0 g, 4.3 mrooJ), NaHCO* 
(600 mg, 7.1 mmol), 5-tetra^ydrofurruryl (IR)-camphor-lO- 
sulfonate (iq) (1.52 g, 4.80 mmol), and anhydrous DMF (50 
mL) was' heated at 100 °C for 16 h- BMP was removed in 
vacuum" and the residue in water waB extracted with ether- , 
dried, and evaporated. The residue was purified by column 
chromatography (silica gel, OHzCUiMeOHrNH^OH, 90:9:1) to 
give lb which was isolated as the HCl salt; yield 75 mg (5%); 
mp 212-214 °C; [o]«o +59.0° (CHaOH, C 0.2). *H NMR (CDi- 
OD): 6 0.97-0.99 (d, 3H), 1.51 (b, 8H), 1.53-1.65 (m, 1H), 
1.75-1.85 (br d, 1H), 1.9-2.0 (m, 2H), 2.1-2.5 (m, 3H), 2.78^ 
2.9 (m, 1H), 2.96-3.1 (m, lH). 3.22-3.35 Cm, SH), 8.8-4.0 (m, 
2H), 4-04 (br a, 1H), 4.65-4.66 (m, lH), 6.84-6.87 (», £H) 
7.95-8.0 (d, 1H). Anal. (CisHasNOa'HCl-O^SC^HioO) C,H,N. ' 

DetemWtioa of Kx Vein©* at S> and k Opioid 
Receptors. Guinea pig brain membranes were prepared from 
frozen guinea pig brains, obtained from Harlan Bioproducts 
(Indianapolis, IN). Brains were thawed and homogenized in 
10 times the wet weight of tissue in cold 50 mM Tris-HCl, pH 
7.5, followed by centrifu*ation at 3900Gj? for 20 min at 4 °C. 
The membranea were resuapended in the original volume of 
buffer and incubated at 37 °C fbr 30 min, followed by 
centrifugation at 39000^ for 20 min at 4 °C. The membranes 
were resuapended at a protein concentration of fi-12 mg/mL 
in 50 mM Tris-HCl. pH 7.5, and stored at -60 *C until use. 
The protein concentration of membranes was determined by 
the method of Bradford , M using bovine serum albumin as 
standard. 

Guinea pig brain membranes, 600 of membrane protein, 
were incubated with 12 different concentrations of the com- 
pound in the presence of either 0.25 nM PH1DAMG0 (ji), 0.2 
nM pHlnaltrindole (d), or 1 nM [3H)U69,B93 M in a final 
volume of 1 mL of 50 mM Tris-HCl, pH 7.5 at 25 *C. Naloxone 
at a final concentration of 1 /*M waB UBed to measure 
nonspecinc binding. Samples incubated with either ( 3 H]» 
DAMGO or [ a H]U69 1 593 were incubated at 25 "C for 60 min. 
To measure binding to 6 receptors, 5 mL of MgCla and 1 mM 
PMSF were included with PHJnaltrindole and the test com- 
pound. These samples were incubated at 25 °C for 3 h. Binding 
woo terminated by filteirng samples through Schleicher & 
Scheull No. 32 glass fiber filters. The filters were subsequently 
washed three times with 3 mL of cold 50 mM Tris»HC), pH 
7.6, and were counted in 2 mL of Ecoeeinl A scintillation fluid. 
For PHlnaltrindole and [ a HJU69,593 binding, the filters were 
soaked in 0.25% poly(ethylenimine) for at least 60 min before 
use. 

IClu values were detrmined using the least-squares fit to a 
logarithm probit analysis reported by Cheng and PruaofT. 38 The 
Ki values for ["HlDAMOa ["Hlnaltrindolc, and RH1U69 593 
binding to guinea pig membranes were 0.45, 0.086, ana 0.45 
nM, respectively. 
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Morphinan and Btnaomorphon Derivative* 

Mouse Antinociceptive Assays, All antinociceptive ex- 
periments used male, ICR mice (20-34 &; Harlan Sprague- 
Dawley. Inc. Indianapolis, IN). Mice were kept in groups of 6 
in a temporaturo-controlkd room with a 12-h hght-dark cycle. 
FOOd and water were available ad libitum until the tune of 
the experiment Intracerebroventricular Injections were made 
directly into the lateral v 0 ntriclo according to the modified 
method of Haley and McCormlck.* 0 The volume of all icy 
injections was 5 jjL. using a 10-/iL Hamilton microliter aynnge. 
The mouse was lightly aneethetiaod with ether, an incision 
was made in the scalp, and the injection was made 2 mm 
lateral and 2 mm caudal to bregma at a depth of 3 mm. 

Tail-Flick Assay. The tail-flick assay was performed as 
described in McLaughlin et al. 41 The thermal nocicepUve 
stimulus was 55 °0 water, with the latency to tau-flick or 
withdrawal taken as the endpoint.** After deteirnining control 
latencies, the mice received graded icv doses of either 3a or 
3d. Morphine sulfate, DPDPB, 1750,486, 8a, and 8b were given 
as single icv injections with antinociceptive effect measured 
30 min after injection. In the antagonist study, various doses 
of Sa and 3b were co-administered with 3 nmol of morphme 
by icv injection, 20 min before testing In the recep ^selectiv- 
ity studies, cither the itf-sclcctive antagonist, nor JBNI, or the 
d-seiective antagonist, ICI 174,864, was each given with the 
agonist in the same injection. 0-FNA, the /^selective antago- 
nist, was Injected 24 h before agonist injection. A cutoff bmo 
of IS s was used; if the mouse failed to display a tail-fUck in 
that time, the tail was removed from the water and the animal 
assigned a maximal antinociceptive score of 100%. Mice who 
showed no response within 5 s in the initial control test were 
eliminated from the experiment. At each time point, antinocv- 
ceptlon wae calculated according to the following formula: % 
antmodception = 100 x (test latency - control latency)/(15 - 
control latency). 

Mouse Writhing Assay. Since antinodceptiont)f k opioid 
agonists has been difficult to evaluate in the kaU-flick teat,* 5 
we also investigated the action of 3a> in the mouse acetic 
add writhing test, which was performed as described in Xu et 
al, 43 After receiving graded icv doeos of opioid agonists and 
antagonists at various times, an ip injection of 0.6% acetic acid 
(10 mLftg) was administered to each mouse. Five ; minutes 
after adminietration, the number of writhing eigne displayed 
by each mouse was counted to an additional 3 min. Antinod- 
ception for each tested mouse was calculated by comparing 
the test group to a control group in which mice were Jsreated 
with icv vehicle solution. »: » 

. Statistics. IC« values for the radioligand binding experi- 
ments were calculated by least-squares fit to a logarithm probit 
analyeie. Saturation PHJDAMGO binding data were analyzed 
by nonlinear regression analysis using the LIGAND program. 4 * 
AD dose-response lines were analyzed, using the regression 
methods described by Tallarida and Murray/" Regression 
lines, D w (dose producing 50% antinociccption) values, and 
95% confidence limits were determined with each individual 
data point* 5 All data paints ehown are the mean of 7-10 mice, 
with standard error of the mean represented by error bars. 

Chemicale. pHJDAMGO (60 Ci/mmol) and PH]U69,593 (64 
Ci/mmol) were purchased from Amersham (Arlington Heights, 
ID PHJNaltrindole (40 Ci/mmol) was obtained from New 
England Nuclear (Beaton, MA). Morphina sulfate was pur- 
chased from Mallinctoodt Chemical Co. (St. Louis, MO). 
DPDPEP, U50.488. ncr-WL ICI 174,964, and were 
purchased from Reeeeroh Biochemicals Intemabonal (NatlCiC 
MA}. 
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